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(57)Abstract: 

PURPOSE: To obtain a semiconductor laser which is 
super ion in element reliability and has a long-life optical 
modulator. 

CONSTITUTION: By laying out a lattice mis-matching 
layer 105 on the upper layer of same and uniform layer- 
thickness quantum well structure layers 103a and 103b 
which are subjected to epitaxial growth collectively by a 
normal and first epitaxial growth process, the band gap 
of the quantum well structure layers 103a and 103b is 
allowed to differ partially, thus forming the activated 
layer 103a of semiconductor laser and the light 
absorption layer 103b of a optical modulator. Therefore, 
the transmission efficiency of laser beam to the optical 
modulator can be improved drastically as compared with 
before and the activated layer of semiconductor laser 
and the semiconductor layer of the light absorption layer 
of the optical modulator can be improved extremely to 
obtain a reliable semiconductor laser with a long-life 
optical modulator. 
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-If ©SttJi 10 3a i3tKWSO*»JlX» 1 0 3 b t 
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i ) *m»m&±<Dm 1 (ommcmmztitc 

±ieg&±<D±fa3rl 1 . * 2 t,TEB3*l 
±E» 2 OflWKcEB $ *ifc±K^^Jifl»±«:E 

mnas2 ] **t**«±©ifr i d>««teEK3fifc 

±EWR±<0±i2»ri . flr2 0«4lCciBKL < t:EKSti 

±iasg i o««tciag3n/c±gB*»<M([««js±ccE 

[«3}8g3 ] #*ft««±©* 1 ©««K:BB3*l/c 

±8ea«±©±se3r i . » 2 0fiMcc &n o r leg $ n 

» J: 0 «> /Jn 3 1 > JQR* W*T £ teT-^F 

ia*5ittH©Tj8»*r(D/»*^. ±iaf?r i cDM^r^ 
ti ±8a»2©««rt*t2 ti > 

[ M«9 4 ] ¥m&&fo±<DM 1 OIHttCCES 3 ft /c 
!ft. ±ta¥3l{*S«±©. ±E»1<D«* 

±ia«S±co±ia^ i , »2o«««:ii»urEB3n 
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2 

IE^»»J10T«»P4r<DJW**s, ±82* 1 ©ffl«"Ctt 
tl ±iaH2C0^i|Sx i &J t 2 t^ot, tl< 

t2 ©H«*»/cLr^3tiri^c<fc*!|s«d:r* 

10 Cft^3S5 ] H*3S 1 *fc»2SBt6(0*»fl:u-1ftc 

±IBMT-#F*fmJt J&"t £ £ * ;Hg© 5 -££±8© 
£ x ;U1G>±«»*> 6±E^fl«©TaS8BS roil^ 
#0 . 0 3 jzm«±r£>9 , ^oiigaS^-#F«t5tJl^ 
IfJ&T £ ^ 5 ^TJf<D^ x ;Wl©±«Mpa> h 

±ia*«f*JiQTaa5i5-c©/i^^o . o 8 mnerrc 

20 ±85 1 1 t t2 ©5^, ^ttOimfrifiQ. OS urn 
±IB tl £ t 2 ©5^, /h 3 0 8 Aim 

art* ^ci *«« t rzmmw u-y. 

I 7 ] i»3RJS 1 4 fc« 3 SBK<D^ai# U - if 

±E*»»«R*s I n PIIr|> 0 , 
±fa^f*SW«S^ I nP, InGaAs, InGa 
A s Pm<D-^ i>L< «^»*JH*^t>1*r«a{3ti 

30 ±SB«HF^FS5^»*5G a I nPir*5Ci*»»<i;f 

[»*^8] »*S2*3rcW4iBiSCD*3l*U—!f«: 

±fa*«<*s«^ i n pifir* o , 

±8E*a»tt:aHB«jfi^ I nP. InGaAs. InGa 

±82«HF^F&&IB^ InAsPit^^Ci i r 

40 [8ff««9 ] ¥^»a^±CDm 1 <D««fcE«3*ifc 
**»U-1fi % ±8a*^ftS®±CD ( ±8BMlO«« 

«ci««r*»r2©««K:EB3n^. ±E*w*u-tf 

¥^*^ffi±(D±faSll , *2©ffl«cc, g2o©W 
K*»^»»^^±la^#a«OttTSR J: 13 ^> 



st -2»xn i tattj c i «w» <t -r z>¥m# u — tf ©ig 
t h§#ji 1 o ] *«*ssJi©m 1 ©«fl$fc:Eg § ft 

ifr^Lfcu— tf^aas-if. **c>e©jR^rs: 
sffljt*ai*-rs«»©jRMCD^iwgi%?frs3e^w io 

ES-rsini. 

^2 (D^ic^fixs nfc^asftas«iiji«: mn *mt 

mm^fji^^m^m^wmtzxmt^isc t 
*mkt t h*m& u -if (omrjsm. 

[ M&l 1 1 ] ¥&ttg«±©Hi 1 ©<SIi|!etci5g $ ft 
IfC^SfeUfcU— !f3l£%®jfl3-a- t $>Z>l,mWRLX%Z 

mc*&titz^mm<o^m&t*mtzy®!.i® 

swsif^. 
jfts-rsifit. 

* T SIS i C i r U— !f ©S¥ 

[ M#Jg 1 2 ] ¥ag&Slg±©!il 1 ©fSUBJClBg $ ft 
MOSftu-tfi. ±fa*aK*Sfei:©, JJBSn©* 40 

mcmmtztis2<Dmwicw2st2iiit. ±ib4^s&u- 

tf-C^L-ZcU— tf^^Sjag^. *S(,i«!RiRL-C^ 
¥«(*S«±©±ia^ 1 . »2©W, 82-3©ffl« 

fiS-rsxsi, 

m i ©««cc»«s titdm&mmmmi.tcMmmt 
zmv»crt$-~>>ftz>j:mt. so 
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*f**> 6 & Z&ttm-S® £ JgBXT S If! £ £^t? C £ 

i nam i 3 ] ¥m#mm±<om i ©eiiSKieg $ ft 
fc^awfti — ifi. ±se*j»#aeLk©. ±i&mi<om 
mcm&rz>m20mMK.wz&2titc, ±§z¥m&i>- 
■y-emLutcu—vftzmmzit* $>z>wtmiLx%: 
wit* mtst z mimaa oxmm tzmtz> #^sa 

tcasicr. a^-#F«it)iRo--5-©±JitciEg$^, 
±fam i ©tSJg<-c©JS<&#±iB!fr 2 ©^-r©®*ct <d 

i. 

S*awtaHfltJi±K:. ±ie2o©^tc»iKLr. ± 
e» ft £ «HP^B^J1*»BW 5Xgi c 
[ 1*409 1 4 ] ¥9f*S«Jb<DK 1 OKttlcEB § n 

it%m»u—rt. ±ss#mtmig±<D. ±ia0i©$s 
t&icmmt2>m2<Dmmicwa.$ftit. ±ib^##u- 

■tfTSffiLfcU— if^aift^ti-. *StHi©itSJL/T^ 

pi**tB^-r i w%mMM <»%ig$m t^trnth %mm 
g«#©4i»»u— fzmmtzjtmicte^x, 

±SB^ 1 ©SI^-c©Jl*^±iBH 2 ©?S^T©J|C* J: 0 

fcaEc^ttg^tf^tj^sflijs^jgfijt-j-sxie 
i. 

tfE¥^g|Jm«ifti:(c. Jbl32o©^tC«^LT. ± 
IB*»»S«©«^S»<fc 9 fc*«H,»tt* 

«jS©i§tt»*$tf*SS»SDB«it<!: . 

±IB«T^E^)i*i^fiS$nr^S«^©iaT©±HBri 

<mttz>*m#u— tf. 

«ji©ffittH«r#tf*gi»8IH»fii . 
K*¥f*a)Sfltji±©^f3eS|5»K:|Bg s ft /c±iB¥ig<* 
S«©«^®^i:0 A* 
6ftS«^^^Jli. 

±IB»?qF«»Ji3&i»StS tir t»«ct»««OBT©±IB 
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[»*JS17] *8Wt*«Lh«:iaBSftfc. *?#F 

5gsfc«fc»3 fc/h3 t>t&T5^*WTS^#* e> seated 

±§B^fl^*»£©JbiB^^©JB##««.>a^* 

*m#u— tr. 

[11*5118] *»»»«±KIBIB3tite. 
8t&©ffittJI £ tti£ttJI±CCEK 3 tifcBf /£g|5#©JiJ! 
*Hfi©aWM)»J»J:-»> fcJ¥t>¥iig&li££^tf¥&&!I 

i&wtflUHtB±tcBi 3 titc±s&m#m&o>&f- 

*iag#u— tf. 

[t#*JS 1 9 ] smm 15Jfcttl6 IEig©¥^* u 
-meteor. 

±iBS ; 7-#F«ji)B ; &«fiSTS *;l/JS© 5 %fi:±Jl© 
m?>&0. 0 3 ymfeLL-C&O. froiiBa^F^ji 

® ."Kg© -5 %stjs© ■> * /waoum 

*6±SBtS^E^S©TW* -CWmfrifi 0 . 0 8m 
[8f*S2 0 ] SJjfcJS 1 7 *fctt 1 8fEtS©-¥j£f*U 30 
±IB¥3l«:«)l«ii©±ffi^»»IB©B/?*sm>Si5»-C 

©±t Bfi^-#Fif i£n *«t arr s f * jh © 9 % m±m 

©/?<&# 0. 0 8 u mti±-C$. 15 . 
±IB¥gf*StJ§t$£©±fB¥#ftJS©JS^*m>§P#-C 
©±IBa-^#F«jSB%«fitr 5 * JUS© 5 *>&TiI 
©^ x;Ul©±Sa5jt«6±fB^^^i^a©TSSi5S-C 

!f„ 40 

[ 11*31 2 1 ] It** 1 5 * fc « 1 7 iBiS©*«ft U 

±E*»#»«3»«G a A s <3 . 

±fB¥j£ft»JS#i»#GaAs, AlGaAs, Gal 
nP, A 1 Ga I n PJf ©-§&> fc K 

±iBt§^gr£JS#5G a A s <fc 9 fct&T-5tgt©/h3t,>ffl 
fiE©Ga I nP@-C**C<h«:#»i^-S¥^U- 
1f. 

[»*3B 2 2 ] 16$fc(il8 fB®©^«(* U 50 



--tfKfc^T. 

iJB^siHtSffiaiG a A s & <3 . 
±.§Zm&#mmim&G&As. AlGaAs. Gal 
nP. AlGalnPiO-ai. fc b < tt^SB^iffi^ 
to-t±T$fi£3ft/c«Ji1«3i-C£) 0 . 
±iB«^F^fi^H*iG a A s <fc 0 fct&^-5££fc©*£t,>ila 

fiS©Ga I npm-c&zc tz®m.t-?2>¥-m#u- 

fc/h3l»*flEK*irf S^fl*6fc*tt^FBte» 
S¥aW*U— tf©«Jtm, 

[I»*3«2 4 ] ¥*g(*2«-k«:. ftT-#F1t3»©t§tt 

wt * h u s i&ra^Ji s 

Xg££dt?C i*W«ira¥*»l'— tf©«Jt^ 
[11*312 5] 4£SH*»E±«:. «-T#F«BfiOffitt 
±sB^*SJBfltit±K±sB^«ftS«©fe^5£»J: 9 
fc^fig-raxfli. 

UiMiSa £ & M^lRC> : ^©jfi^©±IB«^^^ 

[11*112 6] ^5SftSffi±fC. S^#F*JS©Mtt 
JB*£tf^iSfc8tJB*j6*}&S-$-*X*l£ . 

sua £ & * ^zmw&v*<mmw<D®>ft<D±.&¥-m 

Si. 

ffiA*~^>^Ofc&*J^illR-?'*d'£l/'C > ±SBffi 
*fffiffi£ ft <F««acf *OiS»e«W)S8»©±iB* 
«»MJS^jt±K:jl«a { ]tC±lB^«(*S«©tST^^ 

eao--?-©jjSK:iBa3nfc. tuM»n&«c^»iH« 
st>'-e©jSflS-c©«*^txjyn©M^f©j?*«fc *? & 



(5) 



«fM¥7-948 3 3 



8 



JO 



[ M#JI 2 8 ] *W««aLb«: , **#F« i&Offitt 

1 1 >«HF3e««r*T * h fx £ «^K^» 

[0 00 1 ] 

F*> » ^«:Wr-6«ffiffili*Wf &**f*U- 
[0002] 

[«6*<DR«f] InPSC±K:fflRStiA:SiAK*¥« 
«JR£U£XH8 («T\ #CC3BC«»i«f . ) <h*H 

To 0 0 3 ] SI BttW*.«2* + -*-fl/ 
9*-^ fi'/Dy-, 8*. 9#, 1 3 5 7-13 
6 2H(3ournal of Lightwave Technology, Vol.8, No. 
9, 1990, p.1357-1362) &ClS4£$ftfc, U -If £ 

g^^TSt^^ 0 1 6 (a) 

«W0Xft*H»a il 6Cb) «U-1f0£g»©*S 

[0 0 0 4] cn6^(C^t 4 3 00 a«XOIfl 
««L 3 0 0 b«^»f*U— tf««r*0, 3 0 1«n 
flnPISt^, 302«n^InGaAsP*^ 
>fF», 3 03»7>F-^lnGaAsPSttH, 3 
04B7>F-^InGaAsP^?7r| l 3 0 5ti 
pSI n P1*C$>I> 6 £/c, 3 0 6tt7>F-^InG 
aAsPftWBML 307»7>F-^InGaAsP 
/t?7rl, 3 0 8WP3S I nP*^ ? KJB"C*S. 3 
lOttBJrfH 1 , 3 11BFeF-^InPtt^a? 
£JI 4 312»InGaAs3>^^hi, 3 13Bp 
97ttMttftM4t. 3 14«Si 3 1 5tt* 

ifflpfl'JUfe 3 1 6t****U— WBpI 



10 



20 



30 



40 



3 1 7tt3i™Si^^U-1f«C*aOnJW*«"C* 
6. 



50 



[000 5 ]^^ §17(^1 BCC^rXKHMM 

itmm#\s~ir<m&jrt£*7K?m?& d . ■ 1 7 c« 

-(d) ttlgSlCDKffiEL SI 7(e) -(i) ttXSJM© 

[0006] «t> «Jixa*ra-r&. **\ n 1 7 

(a) ^-Tcfc^OC, nil nPS«3 0 1 CD (1 0 0) 

W) tC. 2 40nmk , yf©A/4^7h@^3 1 
O^r^-r^c SI 7(b) &C7kT<£MC, CCDn 

Ml nP!S3 0 1<D (1 0 0) M_hfc:, J33 0. 1m 
m, (A) 1. 3 amOnMI n Ga A s Ptc#-( 
KJB3 0 2, »S0. I urn, feg ( A ) 1. 5 7 am 
©rVK-^I nGaAs Pr£SJ13 0 3, /*S0. 1 
//m, feg (A) 1 . 3 /imOT^F-^I nGaAs 
Pa'^71304, MUSi^UmOpilnPl 
3 0 5 £ c ©«H«:«tBx tr * * > * ;uasfiffi«: J: 0 
J&SfiU pSInP1305itCUt?Xh)i3 
2 0^JSM-rSo 

[0 007] ;Xtc, SffO^XHIKStlBKiJ: 0 . 
X h®3 2 0©^H8*»flt"r^*«« (WAt^ 

-V^X^JClt, pSSInP»3 0 5. T> F-7' 
InGaAsP^-;7 7 I304, 7>F-^InGa 

AsPr£ttI3 0 3, *J<tVnSInGaAsPj6^ 
F1302tCF7^i^>^Il 4 1 1 7 (c) 

[0 00 8 ] &(C, SI 7 (cD CC^T<fc^K:, «S0. 
3-0. Smn.jRfil. 4 4 /LtmtCfflS'TS-'O 
t?^x*;l/^«7>F-^I nGaAs PtM* 
iRH30 6, i¥$0. 1-0. 3um k S^(A) 1. 
2 5 Mm<DT> F-7'InGaAsPA'^77l30 
7. fc<fcCJfISfi3 m mOpi 1 n P ^7 ^ F»3 0 8 
F^ K«fflxe^*V + ;uSESS <«T. VP 
EiSilBT) Zm^xm-X&f&L, $t>ic. pilnP 
^7 7FI3 0 8±tCU^Fl3 2 l&f&mt&o 'X 
K, 51»©WHKsa«K:<fcD. M^t*i*u- 
if©36©«iS^raocfSr?r±iBu^^ hJH3 2 l h 

/cU^h!3 2U7X>7jCir, St£3 0 1_h&O£ 
Sb/c^z»ftiltc:F5-YX9^>^J6Ur, cn<E>* 
2 MmflCDyifX h^-f ^3 2 StaS^U oi^r, ^ 
WU-1f3WB«S*aS^*««±«:flEftU/cT> F- 
^1 nGaAs P*®iDUi3 0 6. 7>F-7'InGa 
AsP^'^713 0 7, fci:CKp^ I n P2v v FH 
30 8*x?*>y|»*U S6K:a6StWS3WBfiESti 

CC«»WT-f V l/-^3>(D/^0x^>^i3 2 6 
*RWSi. 017(e) K:5%rtt«CCtt4. 
[0 00 9] yctc, SI 7(f) {cStJ:5«c, >1f ^ F 
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v A ?U3 2 5 OHlfci^iEWlflSr >f V U - J/ a 
><Dttti>(Dm3 2 6£g8M£tf<£5K:, iS&SxOF e K 
-^InPf»^a^l3 1 l£VPEffiCCj:90cfi 

hJf 3 1 2£VPE&&C<£9>&g-r£o 

[0 0 10] COSL n>5?>7 hH3 1 2±CC»«fl:H 

3 3 0Mi k c omftgt 330 o*aws*ggflt 
s ti ft mm t mmt* u — trwas 3 ti &x& mo 

fcU. 01 7(g) {C^-TcfcOtC, FeF-^InPS« 
7av*?m3 1 1, 7>F-7*InGaAs3>^^F 
13 1 2£Mtf* V^Av'^3 2 5±lC&m2tltc®& 
K.*<0&WfijtVX V 5 4 7^3 2 5te*T*pS&aft 
««3 13*8fitrS. C©f*. InGaAsa>^ 

(h) CCTftTtWSiftS. 

[ooinat ±eia«:j:ojBj«stifcxh^-r 

^lOI nGaAs3>^hI3 1 2fc<£t>T e F- 
^InPI31 lOiltKA^K:, S i N13 1 4 

9, SI 7 (i) fc^Tcfc^C, RS i Nil 3 1 4^n> 

h/B<£>^PSB3 1 4 a, 3 14bWT^ 
[0012] CO» x Wt. ±imum3 14a. 31 
4b£S«M£fr J:5CC±gBS i NB3 1 4±^Cpffim@ 

±I3^P§B3 1 4 a, 3 1 4 b^a^^/cBR^i-eQ 

sbhsw:*»u )iaaiBipMffi3 1 5 t¥mwv 

-1f»pflMti3 1 6*J&«U S«3 0m 

tooi3] 'XfcMftK^xmx-rz. cvjfcggas 

3 0 3<Dx*;l^> h**> * ^J:»9 %S3NSDHO 
T> n G a A s P*»iRJH3 0 6 CDx*;MO\' 

<D^2»ftU-1f«JOrgffia 3 0 3 r#M60fc*tt. #g 
EBBffJOT > K - ;/ I nGaAs P#»iRJB 3 0 6 F*3CC 
£!RU COr>F-^InGaAsPMiR1306 

mfiftfc&®?zytte%:®Li&m3 o 6 «nr*w 
■3 0 6oaBBfflffi^6^-aBccffiofflsns. com, 

%:W&m3 0 6 «±aoJ: 5K> ^<DyO K=F* „ 
ig|tJB3 0 3©;0 t -^J: W*t>or, U-tf 
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SritST*,, #SE»gK:#LT\ nili3 1 7 

flPJ*^*. pIli3 15«v^t^<!:bti^V 

=y^V - ^yXyf a vi/^tylW: (Franz-Keldysh effect) 

<t 5 tc^iasccie/^ a r x fcEjssirr c <t *c d: 
10 [0014] ic^t, 016 (Dimmmmmitmrni* 

— !fffl«4>«tt»3 0 3i*. aU*©xfcf***/iOl/fiS 
Tj&jaUTfcg, *aWSWtDJB3 0 6. 3 0 

7, ^3 0 8^jnmc cneoi 006, 

3 0 7, &i>*3 0 8) tt^WtU— tf <fc<D&£35#T-e 
(DJiff^ff < t*2>tc#>. L D§PCDr£ttJ13 0 3RV?ytt? 
A FM3 0 2 <fc3^BS««03feRiRJB3 0 6 i«6 

[0015] *6«««:flBC^cjgJI?flES, BP«tfi«fiKS« 
^n^xds^-r^j&s. HI 7(d) tc^Tcfc^tc, 

*#-rs * x^±cc»juai«*fftt^ msb 

30 ©JB*^s*ffl©a«r/5E<ft*x y y^a^^3&5^ 

[0016] ±i6©*IS^*W5tt, i^y^D'J^Ol 

FJ13 0 2. rgffi!303, 7>K-^InGaAsP 
^^rI3 04, RUpMI n PJ13 0 S<Dmm*m 
W>LtcX£$, IP%1. 3jum^±^0, x?rt?ya-5 

[0017]-*. *sw*a«±ows««*s i 02 

MOCVDffilCJiOx^^tJUiSfitSi, ^zl* 

r*o**xtr**^ + iHUaH/. **Hi±«:«l&3ti 



n 

¥m#mte*<DmB &m< «c*. a*?, coi^^ais 
* * > + ^f&gxfioc cfc o r— Jiwcc*fls-r sftxms 

[0 0 1 8] HI 8KW*tfxu* hox**u*- 
X, 2 7^, 2 3f, 2 1 3 8-2 1 4 01 (Electron 
ics Letters, 7th November 1991 Vol .27 No. 23, p. 213 
8-2140) fciBKSftfc. Ju4©#ffi*«l>TfW3hfc 

UJe^jSE^rttWr^/cfeOH-Cftr), 118(b) *CDflF 

[0 0 1 9 ] CtlibOmiCte^X, 3 5 0 att^U 
-If W% 3 5 0 b ««£tBSi««'C* ») , 3 5 1 « n 
IlnPlir^^o 3 5 2«n^InGaAsP^/^ 
KJi, 3 53ttInGaAs/InGaAsP^lK 
#FJ1> 3 5 5ttpSInP^7yFi"CW. 3 56 
BpfilnGaAsP + tJ^im. S/c. 357 

ttow»r*g, 3 5 8i2^s:ais»pfln«s. 35 

9 fcj^f* u — tf ft p ffiKfc 3 6 0 t*£338 i 

U - Wc£«<D n fflMMBr * * . 30 

[0020] *«c, ccDit&m^mmit^mfti'-ytD 
wtia«:oc»rHi!ij-r*. s-r, sisca) ct^-rj: 

I n PS^3 5 1 <D^»»U-1f^SESnS^ 
*Bf3E««oaffi(c@»r«^3 5 7**StO <H+*tt 
«3&«3HEIB»**Brr&««4tt4. K C© 
H*H»3 5 7*t«fJ:9tt:. *«Sn4¥W»u-1f 
<D#©*ft#[fiJK:?&ofca h^-f ^ttOS i 02 Jg3 7 

o£7gj£-f£<, Si02i3 7oo^stt, m«2o 

0 iumX4 0 0 MmfEgr&O , S i 02 M3 7 om<D 
BM mm^3 5 7 #f»A3tiri»««*0MI) 53:2 40 

0 0 /2mflgr&£ e 

[0 0 2 1 ] H 1 8 Cb) CCtjVTJ:^ S*S3 5 

UK", nainGaAsP^F«3 5 2, InGa 
As/InGaAsP>IK#F13 5 3, MpI 

1 nP^^ KB 3 5 5£MOCVDffifcJ:gjB;»ttil 

j&gir£ 0 c<d6$, s i 02 R3 7or«*n/c«« 

»LT&#CC«te$ttSfc«fr ¥ Si 02«3 7 0©&C» 
*©*SJII* S i 02 vX^4!9:Wfcfi|«<3!)S.H©©Wtt 50 
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7^^oftir»«MHclt^r 1. 5fl5--2figBKcj?<& 

*. BP%, HI 8(b) *a»*U— IfffliJCO 

MQW»©#J3»3 8 l b©»/P»*^SHSflffl©MQW 
JBO#^»3 8 l a©»JW:0«>Jl<tt*K Cftfc:J:o 

[0 02 2] ^UT. C<D«. pBI'nP^79 PH3 
55±KpfiInGaAsP + t^i3 5 6«JftgE 

0, COInGaAsP^t^I3 5 6©*i*l/- 

L % *i0fcS+t^I3 5 6 ±«C*n-?n36SEHMI 
fflpISS3 5 8, LD/Bp«J««3 5 9%&}&L. 3 

etc, s«3 5 m®&c^iinfiij^S3 6 o«&«w* 

[0 0 2 3 ] yctCttmcoc^rKWr^o InGaAs 
/I n G a A s P*Ii«tPi 3 5 3 tt*»»U-1f 

«WiL-C«M¥3H**. *WtU-1fOlW©p«. n 
««aaBK:«^^T^*E|l»rr*i. InGaAs/I 
nGaA s P^SS^P#FJf 3 5 3&C** VT^ttAS 

5 7CCcfc^rj»*^jS«ru— tf^i^ece. mqw 

fc£ e Sfefcift^LfcilO. MOCVDCC^satRfiSfi© 
<fc0t>/»<^«3, MQW«©Eg»DFBI/-1f««T 

offiE gi tfft&mmwxomE g2 £o < a 

1. 2 4/E gl ) tt*SSBS««tttE g 2 > E gi 

* ;u *k H2 OCCthT IBie^-ccJ:* 

g' 2 tt % Eg' 2 <Egl (hffitCDFBU— !f««r 

Cite J: 9 U-tf^^ron/o f fT^CiOTt-So 
[0 0 2 4] a/c. GaAsSCitCfHSStlfcA I G 
aA s«CDiBHl**3lttU— tftC*Jl*rtt, U-ifCD» 
®SB«:*j^T*<0*H«fl[^flESnTC^. cod 

r, **BW«:x*;l/=to<> F=^> ?^<DW^>3^CXir» 
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l\ A 1 Ga A s^OiSa^*»U— tftcfc^TSESB 
K u -If <D2&§i&g J: Hi* Jl^/* > K * 

[0 0 2 5 ] WiL«EI8tt, 

*7 T 75 A F 3 04 L9 0 4 10 

^-L9 0 61 (Japanese Journal of Applied Physics, 
Vol.30, (1991), L904 -L906) &CfBi&£ tltc U — tf ^ 

fflfi^»S£^T*ttW2iT*&. Htcfe^r, 401 

(JpfGaAsIE 40 2ttnIGaAs»^n? 
*JB. 4 0 3ttpiA 1 0.33Ga0.67A s FJg, 
404«pSA 1 0.08Ga0.92AsfStt»* 405ten 
MA 1 0.33G a 0.67A s & 5 v FJB. 4 0 6«nIGa 
As3>^Flt^^ */c4 0 7 «»HI 
Sftfc (110) 4 08 »KnttI4 0 7±K3 20 

f&ZtltcT> F-^A 1 G a A s SWT* £>„ 
10 0 2 6] «T, RiQllS&lMB'r 3. **\ MS© 

* hx l p Effi*a^btr*i»i/ 

-1f*5t*fWrS. Tfc*>*>, PiGaAslS40 
litCn^GaAs^P-^14 0 2 *fefifiSfil/ 

0 2£gjIO«t£4 0 lfC«T4XF^-f^ttOVai* 
MTS. C©f£, «5*^±(CpSAlGaAs^7? 
FB4 0 3. pSAlGaAsSffif404, nSGa 
As 95? KA4 0 5, WnMGaA sn>££bH 30 

40 e*«»isiitti"r*. acc, ^x^waoii* 
^HRB««:«a'r 

00-60 0Mmr$)^ 

[0 027] acKZfSBLTJBRRUfcU— tf*«B«BB4 

Q**ft*m*MOCVDffi«:j:0Ji!i*'ra. 

U-fJSIi4fttt8 3 0nnir»0 4 x*;b«F 

1. 9 3 e V<J0x*;^OFft *^4StS7> F 40 
-^A 1 0.4 Gao.6 A si4 0 8*fflHtl^. CO 

[0028] ±RfcHrt?tt. c©<k^a«aia*arar 

[0 0 2 9 ] 

«i»*f**»|»U-- tf*Ctt, lf<0«tt» 50 
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<t*ai8«OffittJi Crttto*. ±£(*JGX 

etc <t o r 0^ s titc z> t <o¥m#m v t> x 
fit >&g <t ssn /cfiirx tr*=F^+ ;n«s«:aF#-r £ 

x*;MO*> F^* y ^^c*aBP»i:/h3aS»*^ 
[0 03 0 ]^/c, H21 «:^l/fcfi£3fe©,««JS^# 

[003 1 3 c©*Ktt±5ao<fc9«cWjH^*)BTfi-rs 

fcfclCfcSftfc&CDr, 5fOffittJii*RIH 
S©36gftiRJHi*, »W©x£#*w^J5fc^gte<fc 

[0 0 3 2 ] t/c, CO^tt, It^ffiM-CDxt:*^^ 

[0 0 3 3 ] 

?&92<DimtemmztitL t ±aa*»»u— ifra* 
i/fcu-if3e*aai3i* % *^c^iKiRurs:pi*^a 

^ftlz-fm^, ±IHS«±©±IS» 1 , ^2CD 

mmtcmmLxEmztitt. **#Fm&mttt*mm 
tmmm&t. ±Mffi2<Dm®ic&m$titc±&mm<* 
wmmsLktcfsatstiit. jja*wflafi©«^ss»j: 
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[0 0 34] *fc % C<D*l8CC«^*«*U-tf«. ¥ 
2g&g£±cD* 1 <D»«KcEB3 U-1f i > 

±Mz¥m#m&±<D, ±12* i 2 © 

flWKcEKStift:. ±E*»»U— »f 
tfKte^T, ±!2iS«±©±f2* l , &2©ffii£ccj»ft 

<h , ±i2* i (Dmrntcmw <* ti^±i2*««aji«js± 
ccieg^n/c ±ffB¥an*ffls©tt^s»<fcf5fe^*t» 

±iE*a»ft»R±©. ±ib* i <Dmmtmm?z>m2 © 
•MfcEBsnfc, ±ia^^u-tfr^L/cLx-if 

RjRs©ftXM t 4 ?rr * 3Ksoistt £ u - 

meteor, ±IB»g±CD±f2* 1 , *2©M^ltilJl£ 

±, ±e*i, ao f »2©««cciBasn/c±ffi^an* 
a»«js±tcattbTEa$n/c. ±u&m»mm<ote 

*5ER J: 0 $ t >«fffflR**r -5 6 ft & « 

x » j|©±ttff*> 6 ±f 2**f*Jf ©TSSS $ row* 

±12* i ©««t» 1 1 r * o . ±f2* 2 ©Si^r 
tttz^ot, ti>t2©i§Mi/cirw$ti 
ri***>©r*s. 

[0 0 3 6] *fc, C©»!BlC«*¥«ttU-1ftt, * 
2g#S«±<D* 1 ©MWCEKS U— !f 4 > 

±E*W*WE±© f ±12* 1 OffiiatcRS-r £>*2 CD 

««K:E«<*ttfc. ±K*w*u-ifr»*ofcu--if 

IfCCfcOT, ±I2S«±©±I2* 1 . Jf»2©HMtC&R 
Lt@ei$n/c t S^#F*3t©4$t?*^tt^[JH»ig 

<t 4 ±12*1, acxs2©««ccEaesn^±ia^ai» 
mmmtbtc&muxEmstitL. ±ia¥sw**«©tt 

±12* i commv « tir*o, ±12* 2 ©tsar 
«t2r^ot 4 ti <t 2 ©H«4«s/cbrjgfiSS^ 
rt>&4>©r£>£ 0 

[0 0 3 7] ^/c, CO»q8ftc«-S^aW*U-1f©«J6 

^wwbs±o» i ottttficEss nfc^sw* 

u-ifi, ±iB¥*ttS1R±©, ±SB9 1 omicciRS 
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Lfc U-tf *43liflSi^ *Sl»tt»iRLrKH*4tH 

±12*1, »2©S«{c ( »2o©««cciiifci,r. s 
^F«*@4Stf¥«*ais«ii4^«;-r -sx^i t 
±12* 2 ©««£»«; s n fc^»tt»jB« s±oc±8B¥ 

io [0 03 8] c<D&mtc&zmm#\'-'*r<D9i3& 

¥8£f*g«±©* 1 ©««KcEKS ft/t^zgf* 
U-lfi, ±f2^{*S«±©. JJBm©W*fiClM8 

LfcU-1f*4ajfi3tt &£CHii&iK0rgfp#;4ai 
*«#RJRM©*£Wg & 4^-T &:&£s8« W # (D 

±12*1, »2©««K: % i2ocr){Wclilt, fi 
-WtFflMW*** ^n»SM«jt4^r £X*I i . 
±12* 1 ©««CC«ffiSnfc^*fle8IJi«a±K:±l3^ 

[0 0 3 9 ] */c. CO^BJtC*^5*»ftb-1f«, 
^*8«±fcE«<*ftfc, S^-#F^iScDrgtt^4^ 
^*ft:S}B*«i. R^»»ai««jfi±09r£a^(c: 
EK3nfc±E*»*«R(D»*3aBEJ: 0 fc/hS C^T- 
3a»4WT4*SW*^6ft*«^qW^JBi 1 ±i2^^ 
^^»^«3nrt^««(DBT©±Efgtt»«P» 

30 [0 040] $/c 4 Ci3DftWC3^3&>^*2»ftu— if« % 

^^SJl»i§i, R*a»*a»«jg±o^a5»«: 

EB3n^±E^»»R©»^3@R<t «9 fe I**-?- 
[0 04 1 ] 

40 4E« , T*CiCCJ:orK**#F*fi»co^> F=F* 
u - tf ©fitt» i 3l»aRS©3£RJR « i 4 IS— 

fc, ±fB*a«*U-1f©r£ttjS, ^0**^PIS©^:^iR 
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■HW**¥»*u— Vim 

[0 04 2 ] $fc, C<D^frCfe^r«, S^#Fr£1± 

ti(c£^xmmw&&<Dimm<D'*> f*> » y&i> 
^xf^->t ;nas± o> fcwswi^fir* io 

[004 3] 

imt&m) $mm i . a i tic <o^m<om i 

J: * :MS»Stt £ U - If OAKS £^r-8K0 0 X 

lOlttnilnPlK^^. ^ifx h ^7*351 0 
OOm^r, nil nPTfflJ^? FB 1 0 2tenM 
I nPlgl 0 l±KSeg<*ft, T>F-7'InGaA 20 
s/InGaAsP^lt^Fll03a, 103 b 
ttnSI nP*5* K»l 0 2±CCje«S*i£. 
pII n P9Sl±M9 5y FBI 0 4ttr> F-?»* 
I?#Fil0 3a, 1 0 3 bJbKHMtefk piGa 
I n-Ptt*-*H^B 105«piln P±W*S * FB 
1 0 4±OW3E©««CCX h -7 ^tttc— SOfiS/cCt 
ieg$ft6o Sfc, pSInP»2±1^7?F110 
BattpSl nPSlil^-; FBI 0 4±*Cie§£ 
ft, pSI nP»2±B^7 7 Kil 0 6 bttpSGa 

i nPft+ymsmi 0 5±ccia«stis. painG 30 

aAsP*^ FBI 07ttpffl»2±^5» FBI 

0 6a±«:@«ftt^-ccfiB&$tiri5asnr*j»5, pi 

InP^t^IlO 8 a^iaSrtS^KlfiS^Sn/cpSE 

1 n G a A s P**?V FB 10 7 £S£>jAfr 5 K p a 
m2±m?7v FBI 0 6 a±KiBg£ft, pilnP 
*f *7"B 1 0 8 bttpS! I nPi«^-; FJ! 1 0 6 
bieciBBSnS. Fe F-^I nP^a^il 0 9 

Fe F-7"I nP^a^ll 0 9 <D±M<D—$$, SO' 
jtyxVZJ-f&l 0 0 0©±IfCtt^ h^-T^OOp 40 
SInGaAs3>^^Ml 10a, 1 10b*ffil 
?ti^„ S i N«l 1 lttpSInGaAsa^^h 

b 1 10 a, iiob (ommm (tt^BP») <t f e f 

-7*1 nP^a^HO 9<£>±ffi*«5J:5K:iBBS 
ft*. *»»U-1ffflp««Bl 1 2 a p 
iInGaAs3>^^FIl 1 OaOlIW^J: 
i Nil 1 l±MBB*&h. #«W»BpW«i* 
1 1 2 b «*«pS! I nGaAs3>^^hil 

1 0 b©±ffitc«r*J:9 tcs i Nil 1 1±CCH»6 
ft£ 0 *fcft5inflW«ffil 1 2 clinSI n PSil 0 50 
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1 ©KffiteRtt6ft<5. 

[0 044] CCt, ^-fr^F^-f^g&l OOOftCDp 
iGaln Pft^FS^B 1 0 5 tta 
t>%, nil nPTI^7^ FBI 0 2. T>F-^ 
ltf#Fl (f£tti) 103 a. p§EI n PffllJiffl 
FBI 04. pSInPS21ll^»;FJS10 
6a. mtrtte+tamZtitcpMl nGaAsPW 
FBI 0 7. MpIInPtt-^Il 0 8a^9 
»U-1fO<W»B*^8IB«a**R!tU, t£8IBfiJ*l 
ipll nGaAsa>^Ml 1 0a. pgf&l 
1 2 a«5<fcCfn&«ai 1 2 c i O^ftU— 9ffi 
ffif&ZtiZ. &tc. r^-ft/BPl 0 0 Ort^Pl 

Gain Ptt?7WMI 1 0 5 **tfS» % 
n2I nPTfflJ*^? FBI 0 2. 7>F-^11^ 
#FB (*^HXB) 103 b. pSI nPSrithWJ^^ 
y FB 10 4. pSGaInP«^^«105, P 
mi nPS2±I^7 5 FBI 0 6b. M'pil nP 
+ t»^1108b a0«jlS:H8OttttB«dtrfllfl*a 
**fifcU iSliiipil nGaAs3>^ni 
110b. pS^il 1 2 bWO'ni^gl 1 2 c i 

icxvftmmmmf&ztix^z. H3. Mi4« t 

H 1 Cc^riiailBfti^^u-lfflMRJftXS*^ 

[0045 ] *Wfc«tc <fc *%XH8tt*¥aM* 
u--tf©»5Sxe«rH3Siy f ia4«:?a^rttl8L. tt^ 
T*<Drt««J6*»0<ttM-r-S. S3 (a) CCth 

"TASK:. nfInPiSl0 1±JC k B/12umC7)n 
m I n PT0M2 ^ y FB 10 2, T> K-^»*-T-# 
Frgfflf 1 03. BffO. O3ym0piInPSl± 
mtvv FBI 04^, W^«W«^jSatBfi£Sffi (« 
T, MOCVDSifiit) K<fcD> «^Cxe» + t/ + JV 
jffifi-r*. CCV, £MS?-#FB1 0 3tt, ifcftl. 
3 2 /LtmtcfBS-rSJHJSS^Wr^ InGaAs P*>6ft 
£B/I7 nmOAiJTli^ BJ13 n m<D I n G a A s 

[0 04 6 ] ^CCpSI nPJUllH^? FB 10 4 
±&CB/I6 nmCDpSGaO.371 n 0.63Ptt-¥qqg-&B 

85. a^i^>yg«*E»tGa InPKWS^ 
1105^A^-->^t /s 13(b) CC^T«fc^CC, X 

a F * -f 1 . 2i/min„ 
[0 04 7 ] H5«. WAtf. 777^F7r^^^ 
U^-X. 593§, 15-^. 1 8 7 5-1 8 7 7 H (App 
1. Phys. Lett., Vol.59, No. 15, 7 October 1991, p.l 
875-1877) KKtfcStifc, fiT-#FBcOx^;l/^ 

F»Jt«:»»«CCKBi-r-S*ffi*^rHT**. 
[0 04 8 1 05(a) frCfct^T % 50«GaAs S«r 
f£S&5 0±K1W. Bill 8nmOA 10.3 Ga 
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0.7 A sTMPvv FH5 1. Hil6 nmCDGa A 
— g^#FH5 2, mmi 8nm(DA 1 0.3 Ga0.7 A 
s±$J£-5? F/I5 3. Hil 3 n m£) G a A s J§ 5 4 , 
JlJf 6 nmCDI n0.35Ga0.65A s&T^^-JIS 5. 
&01IJI2 Onm^GaA s!5 6 ififlfcX* *?f * 
«g^ntl^ B GaAsJ15 4, InGaAsS^ 
^15 5, STCaAsl5 6«SWx-^>^ 

05(b) IJH5(a) CC^TJMKS&CfcfcJSG a A s 
*-i«fF15 20x*;l/^O FaBS-C&S. 10 
[0049] C<Z>5fcfffiWrtt, G a A s #-S^-?rF 
H±K1A 1 GaAsB^UGaA s i««HFffi«(D 
Jtfc* InGaAs«ff^«El«Ci«cJ: 
9, S^#FflCCX F bX£EPfl[]U cncctoii 

l^£o IP^, I n0.35Ga0.65A s O&^M&teG a. A 

5 4 #I2S 5 titc G a A s #-ST-#F Jl 5 2 
fcttSloSBOStftofc*. 05(a) {C^*TJ1 

0 5(b) KtS-TJ:^ GaAs*-iW 20 
F»5 2«. ^coa±tCC:<f»l^ I nGaAsfiWB 
^15 4«?n/c»x^;^VO K^i, x* 

7#**<ft*J:5<cSBiiS*i*. 

[0050] coi^ftawtffl^r, mmftox^w 
kirk© jma c&#>*miLJ:5±'rz> mowrtxi 
t>tx % W*«, JJBXKrra, h7^^tto I 30 

n G a A s l»^^IB*#-«^F«aftfl!>ith«C» 
^1-^CitCJ;0, GaA s#-a^#F»*CCST-3ftB 

[0 0 5 l ] ^ciatWCCfeli-C, Ga0.37l n0.63P& 

1 0 5 Ote+mmt InPlfil Ol <Dfe* 
5@S<fc9fcft2. 6%/hS<. COGalnPftWS 
£JB l 0 5 cc J: 0 -e-OfiTO^Sfi^FJB 10 3(JE 
HB**WS. COtt*, C©M*«^^««©^M 40 
*#F)B 1 0 3©x*^<> F«fitt£88*«W. 

&mm*#pm i o 3 tetter jc*s«c&cctt*. 

[0 0 5 2] C©<fc9Kl k 7>K-^ll?#Pil 
0 3lt g±CCX l>7^tt0piGa I nPWI 
l 0 5«*«ffiiA (*SN8tttt> ft(r»«tt 

-1f«W«©*P#FJl 1 0 3 *fi^-#F?£ttJI 10 3a 

%$mmm<D^i^wm 1 0 3 *fltF#F#»jR 50 
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[0 0 5 3 ] ic^r, c©#ffiK:<fctt«, te^-^Fll^ 
05(b) (Dx*;u^<>F*iSCc^-rJ:^K:. 

TMlfcx^;K*A'> F*> ? :7<0»U««Kc % J: 0 

[0 054]H6tt, InGaAsftWS^iiGa 

a A s*-K#PJBCDx*;l/f^> FWjSO^SiiO 

F T> F 'Jl/^ff *; K3>^^> F, ^>Xf*^f 

XNo. 12 9. 2 1 71 (GaAs and Related Compoun 
d, Institute of Physics Conference, series No. 12 9, 
pp.217, (1992) ) tCmWLZMc&CDVfo&o 
[0 0 5 5] 0 6(a) CCte^T, 60«AlGaAsi 
"C&D. iAlGaAslBc, JfJ? 6 n m OfB 3 CD G 
aAs#-l^FI (QW3 ) 6 1 , MW4 Onm© 
AlGaAsH62, MfWl n m©02 <DG a A s m~ 
S^#FJi (QW2 ) 6 3, MB2 0 nmCDA 1 Ga A 
s!64, 1112n mCDHf 1 (DG a A s M^#F 
Jl (QWl ) 6 5. &c>*Jf J12 0 nmCDA IGaAsI 

6 6^1i^xt*^+^+;u^stirfe0, 36>*c, a 

lGaAsl6 61tC, iferit>GaA s!6 7, H 
H6nm©InGaAsfSWi^l6 8, MGaA 

yy'me 9^jig^xf^+^^;nsg3*iri^ 

^> 0 GaAsl67, EHF-^RB^Jl 6 8 . WGaAs 
■ 6 9ttatBx^^>y«:J:^rieS 120nmOF? 

[0 0 5 6] *3ft, 06(b) «^|lcDGaAsm-ST- 
#F^ (QWi ) 6 5©/<>F«BWO«**5%ria, 
06(c) B82 0GaAs*-i*#Pi (QW2 ) 6 

3©^>F«ai©ai**s%'ria. 06(d) «»3©g 

aAst-t^Fl (QW3 ) 6 1 <0^> FMSORO) 
^«r7nT0r^€> o 

[ 0 0 5 7 ] gl 1 <£>g^#FJ! (QWl ) 6 5 tfttt 
E^Ji6 8 <fc©MCcEB3ft*»CD»J*di «ft2 0 n 
mt^D, COi^il©i^#Fl (QWl) 6 53&i 
^^>rJ>^^>> a >yO F<Dx*Jb^{fcSti 1 3 m 
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eVtXZMK xr^Mf-C^^o Iff 2 

<7)S^#FB (QW2 ) 6 3 <fc«H^FS^B6 8 £©H 
CCgeg3ft£B©BiPd2 «:#J5 2nmr^)l C<D<t 
#fg2cDS^#FB (QW2 ) 6 3W53>^^ 
a >/0 F©x^jl/f ^hlU 7 m e Vt^) 0 , x?i? 
»£tt»£*6jhfcl>. fH3<DST-#FB (QW 

3)61 itt^-^s^jie 8i<orafcie«$ti-5»(DJB 

id3ttfi9 9 nmr*0-. C<D±$m3 Ot^FI 
(QW2 ) 6 1 #^#£:3>2 r ^>3>^> F(E>x*;l> 

[0 0 5 8]-^ c©rait£fc£9*#< ot-£f£ 

rSffil £ CDHCDx * ;t/ > F =F> » i 5 

**/fcStt<sc*. fie -or, jdBorattE. ^-^^ 

BOSJf*CcJ:orfi^#FJSCc+»4x^;l/^> F¥ 20 

JM«cfel>T t *MFF#FrSttB 10 3a i^MT 
#F#®4XB<t&£««l 03bi(DWii5me 

■^^b t s^#fb i coracDi^Bf cc m itwr %>tn 

T#FB£<D[l!<D^tSttt:0. 0 8 Mm®8"C*S <!:«-# 
"C*S. 30 
[0059] *H*fi«Ttt. fg 1 Jdffl*? v m 104 
©B«4±iEQJ:5K:0. 0 3 umt 

^tl^pif 1 0 3«:«flET4 5o©^*;HB 
© 5 5&±tcffig $ ft & S x JUS ©±«8*> «ff^S5^ 
B2-C0EIW*. Sn±ffl!J*-5? FBI 0 4CDBW0. 
0 3 Mini, Sliffl*^* FBI 0 4i±i2«±CClB 

fitU/cffi. @{I^0. 0 37/Limr^O, Sfc. ^ftT- 
#FHfi£ 1 0 3 £ 5 ^ x jub Q 5 *i&TK: 

C<7)0. 0 3 7 umtCi*6Ct4BC)^x;l/B<t4B 
CD^' i ;TJicDeilCD^itffi4 0nm^ftnffO/cffl, gp^ 

nPS2±i^7i» FBI 0 6. SO'JfcBl . I 5 urn 
«:ffl^T53BJ5K4WrS I nGaAsP^6^II?4 
5nm(DpM^ FBI 0 7 4Ji;fcxfc:**$/ + ;l>jS 

t^-/KI107?:>^^>^b 1 B3(c) CC^-f 50 
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£51C, Ga I nPSW^l 1 0 5<D»j£$ftTt» 
tt^««lC©#, 2 0 0nm©fc'^£W-r£®5rfg^ 
^Mt^o ^3(d) tC^-Tct^^, ^x^± 

iCB/12 0 0 nmCOpM I nP^f^ll 08^xb* 

[0 0 6 CWnSI nPTfflJ^v* FBI 

0 2. 7>F-7*InGaAs/InGaAsP^II 
^#FB 10 3. p m I n P_k«J* 7 9 FB 104. p 
iInP±i^7yFJ810 6, @«f»^0CS9BSnyfc 
pSl nGaAsP*^ FB 1 0 7 . MpSInP 
tt^ll0 8*. a«©^KS«RatB t x -1 * 
>^S8B*ffil>TJ5»BU 04(a) fc7n:TJ:5K:, * h 
^-T^K<0pSGa I nPtt^B^Bl 0 5<DS*# 
fr&t»oT5£t>*£^1?*X F 7 1 0 0 O^rMt 

**** F^-Y^SBl 0 0 060i|@«|^l . 3Mmi1" 
£ a BP* t ^h7^«0pSGa I nP«W8^i 

1 0 5 Yv4~fU \ 0 0 OOlBiH^f 

[0 0 6 2 ] ±j$© J: 5 OC F^^^SBl 0 0 p* 

Bf&Lftm, aattjssfi*ffi«rffli^r» 14(b) &t^r 
j: 5 oc % y -fx f ? -r ^sp 1 0 0 0 (ommcmRmt f 

e F-^I nP^P^ll 0 9 *x^ + */ + ;WI 
U"C^1^X F ^^7^151 0 0 O^Set)^, ^"C, p< 
■FX F ^ ^gp 1 0 0 0±, S^Fe F-^I nP^n 
^■1 0 9±^CB)¥0. 5/im(DpIInGaAs3 

tm 1 1 o^xf^s/twsr^o -XdCs m 
&<Dw&Mmm, X7f>«^^t, P fin 

GaAsa>^^hli io^ ( H4 Cc) (CyfifJ: 5 
&C, F^-C 7*951 0 0 OteyS^fcx YvA^WAk 

CC^£-x>>/U pM I nGa A s 3>*:7 FJf 1 1 
0 a, 11 0b«^ o 

[0 06 3]^, SiNI?:piInGaAs3>^ 
*hB110a. 1 1 ObiFe F-^I nP^D-^ 
S10 9©±iKlia^Lm aft<D9XKK& 
«. SO'x^y^g^ititcnW^l, 04 
(d) ^-rck^iC, p!InGaAs3>^^Mi 1 
0a. 1 1 0 b©«ffi4*ft^ftfflm8Sffi*tf*MP 
«4WrSS i Nflt^^->i 1 UMt^ 0 

[0 0 64] -eorcog, i^s i N|pf*->i 1 1 

IffflcOpfflUSfil 1 2 a<t*SWSffl©pffi!JWil 1 2 
bi4m>tC7>«0r^r^Xg, nilnP 
SSI 0 lCDaMCC, m«Au-Ge/Au*»6tt5 

[0 06 5] ;xcctt^«:oc»r»q8r*. *2»*u-if 

ffipfMmSl 1 2a. nfflfjm^l 1 2 clBCCJB^-YT ^ 
£MrrSct, InGaAs/InGaAs P^ft^ 
#FBrSttBl 03aWt 'JT^aASn, co&m 
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m#wm&m 1 o 3 a<o^m^> f*> * ?t%H4 

KB 1 0 TCCji^JBflESnSlHlJrtt^iCCcfcorRSSS 
jftftTU— FIMfcWBC*. ^MS#Fr£f£Bl 0 3a 
t»6*l/fc#tt v *SS3«ffll©*»iRB 1 0 3 b Wc£ 
it, C©*M^-#F*WKB 10 3b 0fMtlB*> 
6U—tf***lMrt"4. C(DB^, ifcgRiKB 1 0 3 b©A' 
>F4 ff + v ^«±a5cD<fc^(C, ffittll0 3aCE)^>K 

ftOW^ (i^VT^) 5Ctt. U-1f36tt*!RJDUll 0 
3bCC*jRSn*c&tt<*KIB«l|**jliii/, 10 
iDWl 0 3b(DmHHS^6RDtH3n4. — 3fcSI 
I^Stc>Ptb-C, nllil 12cM^77X, pflMS 
1 1 2 bffiU^rv^^xiL-cafr^Vrx^Enttir^i, 

*»*KB 10 3b itcmmfivpfr 0 > ^ms^#FHcos 

MJKV? K ir*M 1 0 3 b©JBttWtt>o K«F 
* ^ ^«j»tCD F B U-tF««r©ffiU: < ft*© 

itccfco, mtf5Gb/s©eai«Ftt<z)36m#**^ 20 

[0 0 6 6] 4^«©369W«f**¥**u--!fr 

^B<D±BK&^^B*I3ST*C <bK<£oTS 
*F#F«HH1©'*> K*> 9 :/*«#Wfc«Ke6>l, 

r£ttB. KCl^^8CE)%gkJDUI» t 

^oxmmcmn. m^mmm^n-r^m^cmLxh 

[0 06 7 ] ±ESOfc«rtt, tfr^SE^B 1 0 

5tt. SH±«^5-y FBI 0 4±±ffifcjS«Lfc« 40 

IP%, Sl±ffl^77 KB 1 0 4±<cfeJHK£j3lt 

k =? 4 7*ft<Dmnzm?zmKscrt*~- >yi/cg k 

£KlJ:»K 03(b) ^«^cC^h7'{ 50 
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-wv&tts&m 1 0 5 z&m~rz> c 4. £ 
fc, ±i2jBW»r«\ 1 0 3 tLt&m 

m-m^^mimx^ .taK 
[006 8] mmmz. mi^c<omm<om2<omMm 

12 1ttniInPi«t*S. MVXbvJ'fSl 
2 0 00CCtet,>T, B/*2 umOnffl I nPTffll*^* 
FBI 2 2ttnSI nPS«l 2 1±«:K«S*K T> 
K-^I nGaAs/InGaAs P ^SS^FrStt 
B12 3a. 1 2 3 bttnSH nPP^v KM 1 2 2± 
tCEHSnri^. ^Sfi^F<D«B6W:l:IE» 1 <DH 
ft«<fcEI0'C*4. BP*>> Sftfil. 3 2 umK:fB^*r& 
InGaAs P#>e>ftSBJI7 n m<D^ U 
TB£BJ13 nm£> I n G a A s Sx;UB*S£SteffiR 
BMLfcflWteL. -5x;l/»tt5r*&. B/¥0. 0 
3tfmOpMI nPSl iMZvv KB 1 24iiT> K 
-?'£MT-#F?§ftB 12 3a. 123b ±GtIB^£ 
ti, BJ*6nm©pSI nAs0.8 Po.2 «^»&B 
125«pSI nPi«]^7 9 KB 1 0 4 JbDBrS<Z>« 

h 7 ^^tt(c— SOfiS/ct^iBiB^ns. BJ1 
0. 2 /imOpi I n PSS2±«^7 y F* 1 2 6 a, 
Rtf 1 2 6 b^ti^npil nAs Pft-^FK^Jl 1 

2 5_t MpSInPil±iJ^7 7K112 4±tC 
iE®$ft£* iJi45nm0piI nGaAsPW 
FBI 2 7tep333H2_bffliJ*5 ? KB 1 2 6 a±(cigSf 
ttT-CCfiJJ^SnriBBSntrfcO, BJ¥2 0 0nm<£>p 
fiInP*t^J»128a fraHfttfr^CCSffiSS ft/c p 
ilnGaAs Pft#-Y KB 12 7 ^ Cc p 
S[SI2±flJ^7y FBI 2 6a±(CieaSn, Piln 
P+t-^11 2 8 b«p^I nPH^9 KB 1 2 
6b±6cB3«StiTli4. FeF-7'InP^O^I 
1 2 9«^« h -7^^352 0 0 0<Dm&K.%m2tiX 
l^5o ^/cF e K-^I nP^P-^11 2 9CD±ffi© 
—SB. RC^^If^ K^-/^g[J2 0 OOOlBcttl/I 
0. 5^m£D7h7>f7^CDpIInGaAs3>^^ 
M130a, 1 3 0 b3WiBiBSnri>4. SiNU 
31lipSInGaAs3^^Hl30a, 130 
b©«»«» (JB^ffl») iFeF-7'InP^n^ 
Bl 290±ffi£«5<fc5KKKSJvCt»*. 

— !ffflp«J«ffil 3 2 att*<D— BBtfpSlI n G a A s 
n>^>? KB 1 3 0 aOtmcmtZXHCS i NJSl 

3 1 ±*CK» 6*1, *^B0Sfla p fflJm® 13 2b 

— SWpSS I nGaAs3>^ ^ KB 1 3 0 b<D±®^C 
ST^cfc^tCS i Nil 3 lKcR^htt^. 
AiinflPWS 1 32 clinll n PS« 1 2 1 OS®ic 

[006 9] CCt, K ^-Y^gP2 0 0 Ofi^p 
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m I n A s P&^F8££B 1 2 5 ttt*8fi&* T&t> 

nil nPTffl^^f FBI 2 2, T>F-^*a 
ST#FB (SttB) 12 3a. pMInPf l_hl^ 
5-;F1124, pIInAs PtS^FfiE^B 12 5, 
pll nP«2J:ffl!j*7 9 FB 1 2 6 a, 
BZtitcpmi nGaAsP^V FBI 2 7. ElO'p 
IlnPtf ^1128a #*aJW* U-lf ©HBttBSr 

smsb«»**jsu m&mm&t pii nGaAs 

3>^^hll30a, Pllffil3 2afcj:^n^ 
*132ciCcJ:0*^U-1f*fi»J5SS*iS. 10 
y It* F 5^:78152 0 0 0 F*3<D p MG a I nP|§^I 
A»12 5*S*«r<r»»53\ Tfttofe, nSInPTM 
*<9 9FB12 2. T>F-^Mfi^#FJl OfcWK 
IS) 123b, plln P^ 1 Jbffltfi? ^ 9 FB 1 2 4 . 
Pi I nPS2±lB^7^ FBI 2 6 b, WpSIn 

p*t^ii28b #%^s©^b 

«*l*au iSlSiipMI nGaAsr^n 
1130b, pllil32bfc^niiil32c 

[0 07 0]*HiM^t, InAsO.8PO.2tS 20 
^fe^B 1 2 50*me»tt InPlfil2 1 £>1£^ 
jm£*)&m. B%^<, COInAsP«HF7B 
£B 1 2 5 CCJ: O^OSTO^M^FJB 1 2 3 («l 

M^#FB 1 2 3 <z>x*;MO<> F4HBK3H&« 

^cD^Sm^#FH 1 2 3 K:tf:<*T/jNS < IP 

»iRB 12 3b F+> v 7'tefeffl§ 1 2 3 

aO^> F*> 9^<fct)«>^:#< ftSCim. 86 o 

x) tctt % U-1f*«7^©iRJl 1 2 3 b&c©iR£n&t 
^«c<3KXMM««r9jftL k ^BWJUHl 2 3 bcomffl 
■ffi*»6K!)fflS*i, — M^Wlt, nffil* 
«13 2ci*^7^, pfflttl3 2bi*7-f^ 
<tOTffl^-Yr^*EnflDL)t»^«:tt % 368WRB 1 2 3 
b ficttff 9 , ^ftB^FSOS^Hii^ * * ;u 

LTtfRiRBl 2 3 b©IB»tt&/<> F*> 
IffflJtfCOtf <fc O'hS < KZCDV. U -If 

rRjRstiM*-r*. 40 

[0 0 7 1 ] 2W»20j(B»«lfe k ±IBIg l©I^W<h[Hj 

S^#F«i§B<D^> F*> 9 ^«rSS»WCca&6l/ 
«>, ChK<toT*WU-1f©^Jii3IHB««)* 

jKIIB03l»*W&*HI— O, *>>o:$--&BJ¥©^» 

u-if*o^iig^cDeaja*^«e*<rci:b-<r^: 
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Wlttl. ±E*»#U-1f©*Stt«. RC«I«BW<D#« 

if <otmm tyt^mm(Dyt^m<D^m»m<D^^ 

±iSH*geHrtt, S^#F»i£B 1 2 3iUt^l 

[0 0 7 2 ] Hjfeffl 3.^9 «:*»»©» 3 ©SSteffilfc 

*«4taH"C*^. BCCfe^T, 151iinlln PSS 
r&&o S«l 5 1 ©— ma t 2j2\$r&+ 1 5 7?&«^ 
ntl^ B ^IfX bvJ7$$3 0 0 OCCfoOT, nil 
nPT1^7? FBI 5 2«n§!I nPIfil 5 1 ±K 
IgfiStl. 7>F-^InGaAs/InGaAsP> 
M^#FB 15 3a, 1 5 3 b ttnSH n P * 5 9 F 
Bl 5 2±tCi2gi*ft& 0 pII nPJHl±ffliJ* 

v 9 FB 1 5 4 teT > F-^MS^#FJ1 15 3a, 
1 5 3b±teKfi«*tt, pSGalnPttfTB^il 
5 5tepg!I nP±ffl!l^-79 FUl 54±©Blf£0«iS 

MI nP*2HI^7? FUl 5 6 a t£ p MI nPIl 
■JbM*S* Fill 5 4±«CEBS*i 1 PlInP^2i 
flB^'7 9 FBI 5 6bttpSGa I n Ptt^-^FK^B 1 
5 5±tti5©£ft£ 0 pM I n P + t^i 1 5 8 ai£ 
pS»2±M*^? FBI 5Ba±fc:Kg$tt % pSI 
nPttJF^Il 5 8biipII nP±1^7? FBI 
5 6 b±tcl2g$ft£ 0 FeF-7'InP^o^il 
5 9«yifX F^-T^a53 0 0 0O^ffitCi2g£ft£o 
^/cFe F-^I nP^a^il 5 9<D±fflCD— 35. 

It* F^-/-/SP3000 0±® ^C^X h7^1 
®piInGaAs3>^^F1160a, 160b ^ 
iB§3ft£o SiN»16IttpainGaAsa>» 
^hB160a, 160b <omft®& (*g^7» <b F 
e F-^I nP^a^ll 5 9O±ffi*a5 0: 9 KiK 
®^n^>. *SMtU-1fflapWWSl 6 2a(i^- S3 
^pf InGaAs3>^^Ml 6 0aO±IK:«t 
S<fc5fcS i Nil 6 l±CCRW6*i, XOHSpII 

6 2 bW^O— ap^pSSl InGaAsn>^^h 
Bl 6 0 bOiMteSTaj^teS iNH6 l±tc» 
*^inB*filB2c«nfiInP««l 

[00 7 3 ] CCt, ->(1f^F5^^a53 0 OOrtOp 
iGaln P#H^FS£B 1 5 5^&l^ -J-ft 
to%, niln PTi^7 9 FB 152, T>F-^* 
SfiT-#FB (fSttB) 15 3a. pM I n P» 1 ±IW 
^■99 FBI 5 4. pIInPS2±W^ 7 -;KJS15 
6a. MpII nP + t^ll 5 8a^*U- 
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InGaAs3>^^hil60a, pl^ffil 6 2a 
&£VnMmmi 6 2 citC^O^SftU— tf*i«JS$ 

nPtfrf-^SS^Bl 5 5£*tffflS^ -T^cCto^. nil 

n PTd'J^ ^ ? fb i 5 2 . r > Y-y'&nm^-x-wm 

(#«MKB) 153b, pfiInP*li«^7?Ki 
15 4. pIGaInP^I^115 5, pi I n 
PW2±m?7 v FB 1 5 6 b, RO'pIInP^t*; 
71158 b^^H^tM»«dtrfl|J|fltt«ftJS 10 
U tt&Btit££> pSInGaAs3>^^M16 
Ob, pimgl 6 2 b^nl^Sl 6 2 c 

[0074] ±tem 1 (DMMMX'te, 10 3a© 

ifflifciiftft^jettccflaBstifcjfe^^ fb 107^ 

[0 0 7 5 ] SlJfetfH . 110 «*»W©»4(D3IJfi« 20 

WflaBt*^. HlCfcHT. 171ttnSInPI 
UTfo&o Sfil7 1 CD— ««I«llSrttT- 1 7 7 tfJBft 
StVC^S. F 7*354 0 0 0$C*5t>T, nl 

I nPTI^7-; FBI 7 2«nMI nPISl 7 1 Jb 
fCEBS-ft. 7>F-7'InGaAs/InGaAsP 
£SfiT-#Fr£ttB 1 7 3 a, 173b«nHInP^ 
FBI 7 2±fcE«S<rt(r»&. pSInPSli 
(IJ* 79F1174B7>F- ^M?#FiSttB 1 
7 3 a, 1 7 3 b±ttIBM£ft, pilnAsPW 30 
i^il 75ttpfil nP±1^7 7 FB 1 7 4±CD^r 

SI nP!21»7 7 FBI 7 6 attpffi I n A s P 
te+^&mi 7 5±KEJffSft, pS!nP*2±IB 
FBI 7 6 b^pll nP9lii^7? FJ1 1 
7 4±KEBSftTt>a. piInP^t^7ll78 
attpfflSS2±flH*5* FBI 7 6 a±KEBS*K p 
IInP*t^il78bttpgI nPill^? F 
IS1 7 6b±CCffig$tt-Cl>£. FeF-yinP^O 
y^JBl 7 9tt-^1^^ F-5-r^SB4 0 0 OCOWBtcES 40 
3ftTl>£ 0 ifcFe F-^I nP^a^Il 79© 

±®©— as. f * 7*as4 ooo o±e«c« 

XF7-f7*ttOp^I nGaAs3>^^hI180 
a, 1 8 0 b#EB§ftTt>S. SiNJRl8 1ttpS 
InGaAs3>^^hil80a, 180 b <D*IMJ5 
» iFe K-:/I nP^o?^ll 790 

±ffi*B5J:5K:EB3*rci>*. *?»ftu-iffflpflB 

mi 8 2 att*<D— fflfePpg* I nGaAs F 
ill 8 0 a©±ffiCc8rr*J:5K:S iNil8 l±*c» 
W 6 n, *93Miffi P fflWffi 182bttf (D— fflW pi 50 
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I nGaAsny^ hil80 bOlIJCgt^ck^ 
i Ni 1 8 l±«CiBW6*irtr>S. t/cftilnfiijm 
fil 82 cWnffll nPlfil 7 1 ©jlffitCKWfcnr 

[0 07 6] CCT\ F^:7*a54 0 0 OftCDp 

II nAs Ptt^RAB 1 7 5 ft^trtM^ T ft to 

nMInPTi^7y F1172, T> F-7*^M 
B^itt^B (rittB) 17 3a, pllnPSliW 

7 * FB 1 7 4. p 1 1 nAs Pt&^FSI^B 175. 
pi I n PSg2iiffliJ*t7* FBI 76 a. Ktfpgfl n 
P+t77*Il 7 8 a#*a»f*U— tf©fi6»B**tf« 
B»££*»J£0* RSB«J§<!:, pIInGaAsn> 
^^M180a, pflil 8 2aW[>'n^ll 

8 2 ciwo^*i/- r&mmztiz. stc. *v 

Zb^Jy'^ 0 0 OftOpIGa I n Ptt^FttSB 
1 7 5*d*trl>aSfl\ Tftto%. nIInPTI^7 

* FB 1 7 2 . r > F-^BB^FB OfcRiRB) 

17 3b, plInPSl±ffl^7?F1174, pi 

1 nPf2J:l|^7'; FJS 1 7 6 b. M'pII nP + 

* » 7'B 1 7 8 b*s36S»SS©tfi««*StfaiB«ig* 
flBSU R«»flffi£/ pSSI nGaAs FJ1 

18 0b. pllil82bfcj;j;nllll82ci 

[0 0 7 7] ifEJfl 2 (DUftSlrtt, r£t£B 1 2 3 a CO 
±«KB«r«HF-»ttK:ac»3nfc**-Y FJf 1 2 7 

#t$ST-1 7 7£S«1 7 l«x-j ^>y«l<fcf9?Bfi6 

±fa»2©*3S6«iBI«(OS»*«:*r-S. 
[0 07 8 3^51^5. 0 1 1 ttC ©*9I<D|&5 ©S&Sfc 

«cc * £ j&svistt £ u - tf ©«a t — « w 

OKMttJLBr&D, 012OT1 l«CSt*«ftl — 
■!fO£Bffl©#tfiSft^|ni«:ao/cKEiar*s. UK 

*5^-C, 2 0 1ttnSInPIfiT*»). yif^F^^ 
7'§P5 0 0 O&Cte^T. nSInPTW7^FI20 
2ttnil nPI«2 0 1±KER3<V T>F-7'I 
nGaAs/ I nGaAs P^lK#FiSI2 0 3 
a. 2 0 3 b&nl I n PT1^7*; FB2 0 2±&CE 
^n^ e painP»l±M^7?F»2 04tt7> 
F-^I nGaAs/ I nGaAs P^ilWF^g 
Jf2 0 3 a, 2 0 3 b±teIBit3ft£ 0 pIInPS2 
±§J*5? F®20 5ttpSI n PS1 _bfflj*^9 FJS 

2 0 4±&C|fig;*tt 4 BfJE«« (2 0 5 b) rte^<DB 

> <fi*Offl« (2 0 5 a) Ttt*©B«#/» 
paGaInPtt^^B4t2 0 6ttpSInP» 
2±m*5 v FB2 0 5±CCieg$n, pIInPJH3 
IMtvv FB2 0 7»pIGa I nPfc^&^Jf 2 
0 6±tcieg$n^. pSInGaAsP3fc^F12 
0 8tipII nP»3±flPJi7^y FB2 0 7 a±«:EI*r 
W^-tcjiJEJBStirEIBSti. pIInP+t77*I2 0 
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9 a lt£M1Fr&¥1tCj$M $ tttc p M InGaAsPW 
FB2 0 8^Sa?>iiOJ:^tCpM^3±fIi|^^^ FJ12 
07a±CC^g$n. pSInP + t-;7l209b« 

5 0 Fe K-^I nP^a9^12 1 Ott^«h7^ 
^W5 0 0 OOWBKRiBSft*. £fcF e K-^I n 
P7Uy?®2 1 0©±ffi©— fflJ. RWtXh^-fT' 
p&5 0 0 OOlIKlin F7>f^(DpI I nGaAs 
3>££ hH2 11a, 2 11 b&ffimZtlZ. S i N 
12 12«pMInGaAsn>^^M2 1 1 a, 2 10 
1 1 b<Di%mm O&^mfr) £F e K-^I n P^n 

v?m2 i o<£±M£^ j:5ccieiE<*ft£. 4^gf*u 

-1fffip{$J^2 1 3 a^CD-^pM I nGaAs 
hB2 1 1 a<£LbMc}gir&<£5K:S i NJ^2 

1 21^^?)^ 7ic^^pffJjm^2 1 3b«f© 
— §B#pS[ I nGaA s3>^ bB2 1 1 bO±MCC 
JTT^cfcMCS i N®2 1 2±^6ni> 0 ^ 
ilnfflj^®2 1 3 cttnil nPIS2 0 

[0 0 7 9 ] £CT\ ^IfX h^:/a$5 0 0 0|%Dp 20 
MI nP^2ii^7^ FB2 0 5 ^^CDill^^ 

(2 0 5 a) £^tr3$£\ nMInPTi^ 
5»FJB2 0 2. 7>F-7 , InGaAs/InGaA 
sPMf^#Fr£S12 0 3 a, pSInPSlii 
^7 7-K12 0 4a, pI I n P§£2±ffitJ^ -5 7 FIB 2 
0 5a, paGaInPttW8^«2 0 6, piln 
P*3±fl!!J*5 ? KJB2 0 7 a, ©^f&^C^Sftfc 
pSInGaAsP*^F12 08, MpMInP 
^i-^I2 0 9 a^^«U-1f<D|Bttlf«^fl|J| 
ffl&£«j£U mBJt&£. PlInGaAs3>^ 30 
^ FB2 1 1 a, p^m^2 1 3 afej:^nlli2 1 

h^-f 7*955 0 OOftOp^I n P»2±ffll^v * FH 
20 50^ **0BJ*<H*l>tKtt (2 05 b) *StpfflS 
fftfe^, nSInPTl^^y F12 0 2, T> 
F-7'InGaAs/InGaAsP ^SST-#FrStt 
12 0 3 b, painP»l±IB^7?F12 04b, 
PS I nP»2Jd»J*3? FJ12 0 5 b. piGa I n 
P»?7B6i2 0 6, pfiInP*3±M^9Ki 

2 0 7 b, pi I n P^t ^7l2 0 9 b^^gSSO 40 

tMB*«trwm**4UKu mnmm&t. P ai 

nGaAs3>^^hI21 lb, piig2 13bfc 
J:c;nffl««2 1 3 citc*036S3B«3&«t«fiRSnrc* 

[ 0 0 8 0 1 «t. cfc &£^stt#¥»f*' 

u-ifo«jtiatH 1 3tcf&ortt^u. GMtr*© 
l*3«Mtia*BL<KWrS. *r. SI 3(a) teTRTJ: 
MC V nMInPlf2 0 1±JC, ng[ I n PTfflJ* 
•vF12 0 2, 7 > K — ^ I nGaAs/I nGaAs 50 
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P^ll^ffiSl 2 0 3. S^pil n PHI 1 ±« 
^7-^*1204^, WttfMOCVDffifcJ:*). JK& 
xt^^^t«ti ( $60C, pf InPIlBJ 

KB2 0 4±CcS 102 12 1 5£*iWKiau 
CCDS 102 12 15^ ««©:fX«JK8a5. 
**>*»**ffllr>-C SI 3(b) «C*Vr<fc5K:. 0fS 

i & zmmwm * o «> «tr > 2 h 5 ?*cc - 

~>y-f ^tc, 113(c) fcinf J:5$c\ S i 02 
K^*->2 1 5^^U/c^li:fflrJ^7 9 FB2 0 4 
±&C P M I nP»2_h«J*^3r FB2 0 5^xb^ + ^ 
+ SI 4(a) iiil 3(c) 4KDA-AJKUC 

fct^®rfflr^)5 fl SI 4(a) ^Tct^OCS i 02 
2 1 5<Di»<OEC»««r{*, painP^2 
±M?v v F@2 0 5&SS i 02 ^*£->2 1 5C7)iPI 

ttjgW©ffl»pSI nPS2±I^7«> K»*pS I n 
P»2±ffil*5* FI205a, BW©*1*pSI nP 
*2±ffl9#^* KBfcpS! I n P»2±flPJ*7? KB 2 

0 Sbi^mciitS. 

[0 08 1 ] Si02 !S^->2 15^x-; 

pIGaln P&^qFS^B 2 0 6 

**>^!S8J*/B^TGa I n Ptg-^^^112 0 6?: 
S 1 3 (d)(C^nTct 5 (C, Xh7^7' 
ttCCfiBg-r^. H 1 4 (b) liS 1 3 (d) *cr>B- BffifrC 

[0 08 2 ] Ga I nPt8^aS^B2 0 6<D«T-5©R 
ttl nP»«2 0 1 J:f3fe/hS<, COGalnP^ 
^FE^B 2 0 6 K: J: 0 iET© InGaAs/InGaA 
s P&mm+XPM i£B2 0 3 ttEBB«**W. x-^jU 

mmom^pQi n pm2±M9?v F1205 b#^ 

mZtitcffim-Cte, InGaAs/InGaAsP^i 
S-T-#F«3SH2 0 30x^;U=PM> K¥ + ^ItGa 

1 n P^^I2 0 6 &m&?ZLmtcik<*xm& 

ffCOllipII n P±WJ»2 ? KB2 0 5 
aWUSnfcSUrtt, I nGaAs/ I nGaAs 
P£fiS^#F«£3&B2 0 30x*;l/^O F^> 9 
UGaln PtS^SS^2 0 6 ZlSL&'rZ&Mtlb^X 
SffcW^ifCpSI n PS2ii^7 9 KB 2 0 5 
<Dja/I£i£^T£^#&£ 6 BPfe, p 381 

n P ±flH» 2 * 5 9 KM 2 0 5 b #K{g3 4i/c««T 
tt, I^FSM2 0 3«t§^o:;H(D^i 
T«:S6S 3 n&^x iWl(D±JB3^6« J f>FK^2 0 6$ 
-COIBBI^O. 0 8*imKT(b^0, MMOm^ vm I 
n P±{giJ® 2 * 5 * KB 2 0 5 a #Ka3 ftfc««-C 
«, *^#F«IJtB2 0 3*«fil6r*'>*^BCD^i&« 
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±tCl2§?n^^ < x;l/Jlcr)±S^6^^^2 0 6 £ 
Vomt&O. 0 8 amj: see, pSl 

n P ±91812 9? y KB 2 0 5 OJffiMJV&HM?^ 
COIWffllttS i Q2 Bt**->2 1 5<036*«S«is8R 
U - tf *j & fl« » «j$c 

**item 206 o»se»oxs«. s i (ommmo^t 

[0 0 8 3 ] C©«fc5tt. *SK 5 <D9BIWItC*fr*X t> % 10 
±SEmfcC»0»4©||*«4EJ« % -fSOTxt:** 

u - If ©SttB 4 cm i L r c » * 

O-C, ^«#u-1f<0}gtt»i56XHg©j6»iEjii% 

4#r#. ^*u-ifr«6r*u-if3i&©*saiia 
*fc> ±iB*aw*u-if<Dffitt». awegMg© 20 

U - If ©ffiflWf 4 *S3»8CMfc»iKB <D*3M*B CDn a aK 
[ 0 0 8 4 ] *fe % ±K» 1 ^-»4©IBk«rtt*?-5F 

^&b* ^^s^f^j cc *j t i x mtm tcisg-r £ « m t 
awe j: o Tffi*»r«& s#x ? u c ncc 

J: 0 u - If <7)r£ttB 4 3KXHBa>%RJDW 4 con 
lrx^W> K^* sp K&WAtmiitZti 

BBSS 1 4 (D^fe«C7) J: 9 fc: % «ffilSfi*f^tcfec»T 
U— !f OffiffiB 4 ^WSO*KJR« £ CD^UT x 

*A>*rc> k*> y ytm< Kzm&imj&ztizt^ 

5C4#ftt> 0 40 
[ 0 0 8 5 ] ft fc, ±8B» 5 OHJfe^r^^ 1 ±fflj^ ^ 

m$%ttezmmvm< u tt^w^iiur inp 

£*) bfe+W&O'bZt,* I nGaP*»6«cSH*ffll>/c 

u — jf i 6c ft «mt v < %£|R8 i ft *««r » 
<U «ff*R*B4l,T I nP<fc9fctt-?jBR©** 
C\ 09*121 n As P36>6ft4Ii*ffl(,»*J:5«CLrt 

[0 0 8 6 ]$fc, iiaOIW-CHt. 2 0 50 



1fHJ¥7 - 9 4 8 3 3 

c/x 9 * > 1 > r * h 5 >f y'mc h £ 5 

xAb5 47tRo&*^&m*j&m-rzj:5t l ci,x<b 

<fc^. ±f^««Ttt, ST-#F8tiSB2 0 3 4 

[0087] mmme. si 5(a) itccosmomeo 

BL 01 5(b) fcfcHl 5(a) *©C-C«K:*jWftKffi 
^"C$)ft 0 HCC^C»r, 2 5 0«pIGaAsISr* 
^> 0 nlGa A sli^n 7^12 5 1 «lg2 5 01 
KKB3tt£. ^12 5 1 tC«SS2 5 OK 

A 1 GaAsTi^7«; KB 2 5 2\tWfc~?Uy 2M2 

#Fr§ffl!2 5 3«TfflJ^^^ KB 2 5 2±Ki2g$ 

naAlGaAs»l±1^79F12 54itStt 
^2 5 3±&t@2g2*l£ 6 GaAsJ:0fc*8-^S»<O/h 
S(r»«aE©Ga I nP3&i6ft-S« ; f^SS^B2 6 0«* 
1±WJ^^ KB 2 5 4±(C|Sg$tl, n^AlGaA 
sSI2±fflJ*7 ^ KB 2 5 5tt«^^FS^B2 6 0±, 
MSl±il^7 7 KB 2 5 4±tC|Bg?n, niGa 
As 3>££ KB2 5 6»gr2±ffllJ^7y KB 2 5 5± 

[0 0 8 8 ] J^T, 8fiII«:R«rs. *r, pIG 
aAslS2 5 0±JCnMmffi^a^ ^12 5 1 JgriSS 
iSgL/c^ s R^^SKcflSfc:/ n ^12 5 1 ^Sii 
L^S2 5 0t,cm?Z>A F^-f^toVi^MT^o 
COS, »)*/>i{CpaAlGaAsT«*79F12 
5 2. pIA 1 GaAsSttl2 53, RCfngA 1 G 
aAsflii^^ KB2 5 4^MiycfiSS'rft 0 CC 
Sl±lB^7-;KB2 5 4©JiWtt, ffift!2 5 3 
©fi^F^JS^rfllJSrft^xJl/BOjJSi, CCDM<D 
X1-C^1±(II^7 7 KB 2 5 4±&C7fr$£ft£te^ 
SS^B2 6 0t<Dffl<D$m&0. 0 3/imHi 0. 0 

[0 08 9] :>CCC. »l±ffld^^^ Fi2 5 4±O^I 
fcGaA s J:»)fctt^3etto/h3l>jHfiE<DGa I nP* 
6ftftt§-?^^B2 6 0 tttMatsfcfe, ilS<3D3f 
X»JRBt«. R^x^^^^Sfi^rffl^r, U-lffflf* 

*I»*-T4, S^#FfSttB2 5 3<D^%tt^»^B 
2 6 0 ©ITOlWtt, tt-f^K^B 2 6 0 3W¥ffi-S"S 
C4«c<torjH8ffi*Jftlt>5. W>Fft^*x^ 

^^jcnayKDjsjjio^o k^> » ^x*^^jt k> 

[0 09 0] -eoa. -Jx/^IICnSAlGaAs 
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milM^vv VMZ 5 5. M'niGaAs3>^ 
FJI2 5 6*JIHyaSftJ5SfiT&. ^;n£b>tS<£> 

tt3 0 0-6 0 0iinit$)$ o &0C«ffiflSJ5S£ff^ 4k 
fScc.«»SSffi© n - T 4 > ?Z tT«r o /cf*, ? ^(8 

[o o 9 1 1 c©J:^&*lBKffi|cc«fc**3|{tu--ifr 
tt, «T#P*SHM2 5 3±«C«j«Lfe»fS©Ji»(D» 

J1253C05^C ©tH^S^B 2 6 0 CDfiT©ffl«<B 
;0 F*> y^x^;^*fficD««cfcO*>^:*<-r*<fc 
^(CL/c^6. ftW*ffi±^©xt:**w;l'JSfi£(,> 

[0 0 9 2 ] ±E»6osad«r«, 1 ±«J^ 
* ^x*;^*/]^ < "f £ J: 9 &c < , ±iB*S 

[0093] ft ft. i.^mGoimmm-vte, m±m* 
ftftfcft+^&mznvtzjzsfcLtcboit^xm 

[0094] 

b X x * + ;uflMS n/c^-coS^^F^iiUcr) 

«*»©;<> F*> * ^**j^»«Cllft6 CtUC 

J: o r u - tf cDr£tt/i <b *a«g<D#»JK» <fc * 

Mltl^OT, *^U-1f©ffif^<L#£W8© 
5^iBW£*KI--©, ^o^-ttJawo^ftBTfeo 40 

*C<fc#r , *fc. ±E^3W*U-if© 
ffittB. Rtf#£WfS©#»JKJltt» »JRfifcftv**3f 
fcflHtfci&grttfc^ ffl»©i0B©xfcr**^*;b 

ifi%*>tiZ>tomtt>Z>. so 



Rffl?7-94 8 3 3 

34 

[0 09 5] gfc. C©f£Wtcfcfti2, S^#Fr£1£JI 

©±«K:ft*;Fg£jf *ies*r * c i ^ x&m*# 

WrS®M<0'*> F=F+ 7 ^«SAK(CA«: 6 u«e>. 
{C«t^rfflS«Sffl2»cr)fgttBO^^> F*> y^*su- 
ifrtS5©rS14»©'*> F*> * fcEi»««ta*ai 

©x t: * * + ii^ fcttJ«3&xg3&s^Sr * 

im i ] c©»b©si i <Dm&ffli£j:zytmmtti*& 

[12] HlCC^rj6OT»ff#*»*l/-lf(D£Bffl' 

[B 3 ] h i fc^r^Bgtt % u - if ©is^x 

S*^r*4tBB"C*S. 

CB4] Bl^r*^«m**»#U-lf©iSl3SX 

[15] *T#F»ii±*ccni«HF-S^Lttli»*a5 
^W^EB-TSCiCCcfcOa^FBOx^jj/^'Ci/ K 
«Sl*«»W«:RBir*3Srffitin-rB (ft^^SE^Jltc 

"X h Uylf (Stressor) " <D»«jSB<hx*^ 
^>F«J6B) ^^>€) 0 

[063 I nGaAsW^IiGaAsMi^ 
#FH<i:Cr)HCCieM$n6^©Ji/li G a A s 

[17] co«M(0*2©||te«K:j:^56SBISff*¥ 

[18] B7(c^jimfH4*¥«*U-lfO£Kff 

[19] CO«|)JO»30||ft«|K:j:-S3tSII8S«#¥ 

[110] C0)A«CDW4a^llftMK:j:&jKXBBft« 
*«»u-if0^t^r-»WO^*»aBr«)*. 

[Ill] CO^O»5 0^iSWcj:S*a!W»f** 

[i i 2 ] i i i tt7jkt^mstti*^»\s-ir(DZ 

[11 3] 11 nc^T36^S«g«*^»f*U-1fCDSi 

axe* s^-r ma r & a . 

[1 1 4 ] 1 1 1 CC^T3!OT*«**»ttU-1f CDH 

[us] c<omiom6<Dnmmfcj:z>mmmtt$¥ 
m&is-if<Dmmz7Tk?-&mK>xzmm, &&&& 

[116] «^0*RWS«**^U-1foaH6*S% 
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tH 1 7 ] H 1 6tc^r*SCS3S«#*»«U--1f©H 

mis] t^om<D^m&tt$mm#i>-ir<Dm& 

mi 9] 75>y-*fr?4is*ito§k&mmbtcu- 
if*®K«ttf|p*ift n f s /c^cD^r » s . 
[020] aT-Hii^^^^^jas^jflaofeu-if* 

[H2 1 ] ^©S«fi^af»U-1fO*jS^T««g 

10 1 n^InPSi 

102 nil nPTH^y FJS 

10 3 7 > F - 7*^mS^#FrgttH 

104 pi I nP*liW7? KH 

105 pSGa I nPtt^FSS^JB 
10 6 pi I nP»2±«J^7» KB 

107 pi I n G a A s PJfeJf-f KJ1 

108 pglnP + t^l 
10 9 FeF-^InP^a^i 

110 pIInGaAs3>^>?hl 

111 -S i NJg 
112a U-1ffflpffllJ^S 
112b jESHSffipffilttS . 
112c MjftnMmS 

121 -ns in pans 

122 ni I nPH^? FJS 
12 3 r > F - ^WI^FSttB 

124 pil nPSlJ:»7^ KJB 

125 pfil nA s Pt&T-^F^Jl 

126 pi I nPS2i«^7-; FH 
12 7 pIInGaAs P%i34 FJS 
128 pIInP^t77l 

12 9 F e b'-y' I n PzTv v ?m 
130 p^InGaAs3>^^H 

13 1 SiNi 
13 2a U— PfflpfflKS 

132b jgensffipfl!i«s 

132 c RiinfflfjmS 
15 1 nllnPIS 

152 nil nPTKf7 9 Fit 

153 t > f - y&mm*#75xmm 

154 pi I nPJ»l±flB^^» FJS 

155 plGalnPSWS^i 
15 6 pi I nP»2±i^^-; FI8 
1 5 7 EJf «ff 
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1 5 8 


Pi I n P*+ yy'M 




1 5 9 


F e F-^ I n P7u v i?M 




1 6 0 


Pi I nGaAs3>^ hJS 




1 6 1 


S i NM 




16 2a 






16 2b 


#xsa»Bp films 




16 2c 






1 7 1 


ni FnPIfi 




1 7 2 


ni I n Pym*? v FJS 


10 


1 7 3 


7 > F - :7*«*F#F«ttJl 




1 7 4 


Pi I nPSlii^7-; FJS 




1 7 5 


Pi I nAsPttf^BAl 




1 7 6 


Pi I n Pm2±M?7y Fil 




1 7 7 






1 7 8 


pi I n P=^ + » 7*11 




1 7 9 


Fe F-^I nP^P^l 




1 8 0 


Pi I nGaAs3>^ MS 




1 8 1 


S i NJK 




18 2a 


U-lfffipfflJUffl 


20 


18 2b 


^WSfllpflBSfi 




18 2c 






2 0 1 


ni I n PXg 




2 0 2 


ni I n PT1^7 7 FJS 




2 0 3 


7> F-^iiWPiSffil 




2 0 4 


Pi I nP3ll±flJ*5» FJf 




2 0 5 


Pi I nPm2±M95y FJS 




2 0 6 


PiGa I nPtg^fi^H 




2 0 7 


Pi I nP»3_HM*^* FJS 




2 0 8 


Pi I nGaA s P%134 FJS 


30 


20 9 


pllnP + t^l 




2 1 0 


F e F-7'I n P^n^JS 




2 1 1 


pil nGaA sn>££ hJf 




2 1 2 


S i NJg 




2 13a 






2 13b 






2 13c 





250 piGaAsSS 

25 1 niGaA s ®jf£:/n v >?m 

252 piAlGaAs riteJB 

40 2 5 3 pIAlGaAsTIIJ^7^FI 

254 nlAlGaAsfl ±M\9 5 v F/l 

25 5 niA 1 GaAs»211^7? FJf 

2 5 6 nIGaAs3>^^M 

257 P mmm 

25 8 nil! 

2 6 0 GalnPiWS^i 
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